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.2013.08.Abstract The present study was carried out to screen 12 Sudanese wheat (Triticum aestivum L.)
cultivars for their response to water stress at early germination stages and to characterize sources
that could be used in breeding programs to develop wheat cultivars with better adaptation to water
stress. The effect of osmotic stress on the early growing stages was evaluated, in vitro, using ﬁve con-
centrations of Polyethylene glycol. Genetic diversity was studied using 24 allele speciﬁc simple
sequence repeats (SSR) markers associated with drought tolerance in wheat. The presence of the
drought genes and their chromosomal location was also investigated by isolating and sequencing
the dehydration responsive element binding protein (dreb1). Results of the in vitro screening among
the cultivars showed signiﬁcant differences in the root length, shoot length and root/shoot ratio.
The 24 drought speciﬁc SSR markers used revealed 50 alleles, with an average of 2.0 alleles per
locus. Of these, 60% were polymorphic with polymorphism information content (PIC) ranging
from 0.16 to 0.89. A dendrogram based on the similarity values generated from the SSR data
revealed three major clusters. Of the ﬁve speciﬁc primers for dreb1 genes, only primer P25F/PR pro-
duced ampliﬁcation products with the expected fragment sizes. Sequencing and BLAST results of
the cloned fragments excised from the gels showed 99% homology to the dreb1 gene on chromo-
some 3A.
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0041. Introduction
Since the 1960s, wheat consumption has risen almost 5 percent
a year in developing countries, faster than any other basic food
crop. During the past few decades, developing countries as a
whole have gradually become major net wheat importers,cademy of Scientiﬁc Research & Technology.
88 M.A. El Siddig et al.and wheat now accounts for 43% of food imports in these
countries [6]. With both the highest population growth rate
and wheat consumption per capita growth rate, Sub-Saharan
Africa’s wheat imports are expected to increase by 23.1
MMT by 2050 [23].
In Sudan, wheat is the second most important food grain.
Traditionally wheat has been the staple food in the Northern
State and it recently became a staple in urban areas [1]. Aver-
age annual production of wheat during the period 2006–2009
was about 578,000 metric tons and represented about 11.7%
of total cereal production. The average wheat area harvested
was about 290,000 hectares, of which some 99.2% was culti-
vated on irrigated farms. Wheat yield varied from 1.5 metric
tons/hectare for traditional rain-fed farms to 2.1 metric tons/
hectare for irrigated farms [22]. In 2010, the area under wheat
in the irrigated farms declined by 23.7% from the average of
the 2006–2009 period, while the yield decreased by 12.9%.
The combined effect of the reduction in harvested area and
yield was an overall reduction of wheat production by 30.6%
in the irrigated farming system [22]. Heat and drought stresses,
low nitrogen content and salinity are the main constraints lim-
iting wheat production. It is envisaged that any effort in
addressing these constraints in a rational systematic approach,
using emerging biotechnologies, will combat their negative im-
pact on food production.
A research program for increasing drought tolerance in
wheat should address the problem in a multi-disciplinary ap-
proach, integrating the physiological dissection of drought tol-
erance traits and genetic analysis of plant genome using
molecular markers.
Screening for drought tolerance under ﬁeld conditions in-
volves considerable resources (land, people, and power) and
requires suitable environmental conditions for the effective
and repeatable phenotypic expression of drought tolerance
that is due to the genotype, hence there is a need to use simple
but effective early screening methods that relate to the ﬁeld
phenotypes [12].
Selection for physiological traits related to drought toler-
ance is essential as it can increase selection efﬁciency [4]. Os-
motic solutions are used to impose water stress reproducibly
under in vitro conditions [17]. Polyethylene glycol (PEG) with
a MrP 6000 (PEG 6000) has frequently been used to induce
water stress and maintain a uniform water potential through-
out an experimental period [10,15]. Therefore, PEG is used
by many researchers to screen different genotypes for drought
tolerance [24,5,8]. However, results of such in vitro screening
must be conﬁrmed by ﬁeld evaluation methods to validate
drought tolerant genotypes.
Molecular markers allow discrimination in DNA sequences
among cultivars and breeding lines and thus offer singularly
powerful tools to monitor, track, and exploit sequence
variation in germplasm. These markers, when tightly linked
to genes of interest, can be used to select indirectly for the
desirable allele and this represents the simplest form of marker
assisted selection (MAS) [2]. Evaluation of germplasm with
single sequence repeats (SSRs) derived from Expressed
Sequence Tags (ESTs) may enhance the role of genetic markers
by assaying variation in transcribed and known-function genes
[6].
The objectives of this research was to identify, at early
seedling stage, drought tolerant wheat cultivars and to assess
their genetic diversity using several published droughttolerance speciﬁc SSR markers as well as functional markers
based on genome-speciﬁc primers for each of the orthologous
Dreb1 loci and determine their exact positions on chromo-
somes of wheat cultivars grown in Sudan.
2. Materials and methods
2.1. Plant materials
Seeds of twelve wheat cultivars (Table 1), which represent the
commercial cultivars used throughout Sudan, were obtained
from the Sudanese Agricultural Research Corporation
(ARC), Ministry of Agriculture.
2.2. In vitro osmotic stress experiment
Seeds were initially surface sterilized with ethanol for 15 min.
Residual ethanol was removed by thorough washing with ster-
ilized distilled water. Twenty-ﬁve randomly selected seeds of
each wheat genotype were placed in Petri dishes on moistened
germination paper to provide appropriate moisture stress for
seed germination as suggested by Bayoumi et al. [3]. Water
stress was exerted by preparing different water potential val-
ues, 3.0, 6.0, 9.0, 12.0 and 15.0 bars, produced by dis-
solving 138, 189, 222, 251 and 270 grams of PEG in 1000 ml
of distilled water, respectively following the method of Hadas
[9]. A control set was also included using distilled water (zero
bars). All the Petri dishes were placed at random in a growth
chamber for 10 days, at average temperature of day and night
of 22 ± 2 C and at 50% relative humidity. Five ml of distilled
water was added to each Petri dish under normal conditions
every 2 days to compensate for losses through evaporation.
At the same time, 5 ml of PEG solution was added to each Pet-
ri dish under osmotic stress conditions. When seedlings were at
the stage of ﬁrst true leaf initiation (10 days after treatment)
data were recorded at four different moisture levels on root
length, shoot length and root length/shoot length ratio. The
experiment was laid out in a completely randomized design
with two factors: genotypes and water stress. Data were sub-
jected to Analysis of Variance, and means were separated by
LSD at P< 0.05. All the analyses were done using SAS Statis-
tical software (SAS Institute Inc. Cary, NC, USA).
2.3. Molecular analysis of drought tolerance
2.3.1. DNA extraction
Genomic DNA of each cultivar was isolated by a sap-extrac-
tion method from 100 mg of fresh tissues. Leaves of 2-week-
old seedlings were placed between the two rollers of a
sap-extraction apparatus (Ravenel Specialities Co., Seneca,
SC.), and 1 ml of extraction buffer (50 mM Tris–HCl,
25 mM EDTA, 1 M NaCl, 1% CTAB, 1 mM 1,10-phenathro-
line, and 0.15% 2-mercaptoethanol) was slowly added to the
rollers, immediately mixing with the sap for collection in 1.5-
ml microcentrifuge tubes. The extract was incubated at 60 C
for 1 h, and then mixed with equal volume of chloroform-iso-
amyl alcohol (24:1). After centrifuging at 12,000 rpm, the
supernatant was transferred to a new tube and isopropanol
was added for a 30-min incubation to precipitate the DNA.
The pellet was dried, re-suspended in 200 ml of TE buffer
(10 mM Tris–HCl, 0.1 mM EDTA, pH 8.0) plus 20 lg of
Table 1 Wheat cultivars used in the study, their origin, year of release and pedigrees.
Cultivar Origin Year
Released
Pedigree/Description
Condor Australia 1978 Penjamo 62/4 * Gabo 56//Tezanos Pintos Precoz/Nainari60/4/2 * Lerma rojo//
Norin 10/Brevor Seln 14/3/3 * Andes. (Recommended for Central Sudan)
Debeira India 1982 HD 160/5/TOB/CNO67/BB/3/NAI 60*2//TT/SN64/4/HD1954, HD2172.
(Recommended for Central Sudan)
Wadi El
Neel
Egypt 1987 Chenab 70/Giza155 (Recommended for Northern Sudan)
El
Nielain
Mexico 1990 S948.A1/7*SANTA ELENA, CMH 72A.390-OSDN (Recommended for
Northern and central Sudan)
Sasaraib Mexico
(Veery)
1992 KVZ/BUH//KAL/BB, CM 33027-F-15M-500Y-OM-87B-OY-OSDN
Nassr INAa 1996 W398A/JUP, CM39992-8M-7400M-OAP
Argeen INA 1998 PAVON/CONDOR
Imam INA 2000 INA
Tagana Sudan 2004 INA
Khalifa Sudan 2004 INA
Bohain INA 2006 INA
Nebta INA 2007 INA
a INA= information not available.
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The DNA solution was mixed with 20 ml of 8 M ammonium
acetate and 400 ml of cold absolute ethanol for 30 min, centri-
fuged for 10 min, and air dried at room temperature. The
DNA was then resuspended in 200 ml of TE buffer, and
DNA concentration was quantiﬁed by spectrophotometry
(TKO100 Fluorometer, Hoefer Scientiﬁc Instruments, Hollis-
ton, MA).
2.3.2. Allele speciﬁc SSRs analysis
Twenty-four wheat SSR markers (Table 2), which were previ-
ously identiﬁed to be associated with drought tolerance genesTable 2 Description of the SSR loci used including their chromos
content (PIC).
No. SSR primer Location (chromosome) T
1 Xwmc9 7A 4
2 Xgwm11 1B 2
3 Xksum20 4A 1
4 Xgwm44 7D 3
5 Xwmc48 4B,4D 2
6 Xksum61 6A 2
7 Xwmc73 5B 3
8 Xwmc89 4A 1
9 Barc108 7A 4
10 Xgwm111 7B 1
11 Xgwm157 2D 3
12 Xgwm186 5A 2
13 Xgwm257 2B 2
14 Xgwm260 7A 2
15 Xgwm296 4A 3
16 Xwmc323 7B 1
17 Xgwm356 2A 1
18 Xwmc420 4A,2B 2
19 Xgwm484 2D 2
20 Xgwm540 5B 1
21 Xwmc596 7A 2
22 Xgwm601 4A 1
23 Xwmc603 7A 3
24 Xpsp3103 4D 2in wheat [18,13,4] were screened for ampliﬁcation and poly-
morphism in the 12 wheat cultivars. The PCR reaction mixture
(25 ll total) consisted of 50 mM KCl and 10 mM Tris–HCl
(pH 8.8), 2 mM MgCl2, 125 mM of dNTP, 50 ng of each pri-
mer, 1.0 unit of Taq polymerase (Promega, Madison, WI), and
20 ng of genomic DNA. Ampliﬁcation was carried out in
C1000 Touch Thermal Cycler (Bio-Rad Laboratories Inc.,
Hercules, CA), using a program that consisted of initial
denaturation for 1 min at 94 C, followed by 32 cycles of 30
s at 94 C, 50 s at 53 C, 50 s at 72 C, and ﬁnal extension
for 5 min at 72 C. The ampliﬁed PCR products were gel
fractionated on 12% polyacrylamide gel (37 acrylamide:1ome location, number of alleles, and their polymorphism index
otal No. of alleles No. of Polymorphic alleles PIC
3 0.16
0 0.00
0 0.00
2 0.31
0 0.00
1 0.00
2 0.31
0 0.00
2 0.79
1 0.31
3 0.69
2 0.79
1 0.16
2 0.30
3 0.71
1 0.44
0 0.00
0 0.00
1 0.89
0 0.00
2 0.71
0 0.00
2 0.31
2 0.23
Table 4 Analysis of variance for root length, shoot length and root/shoot ratio of the 12 wheat cultivars during in vitro drought stress
induced by six concentrations (0 to 15 bars) of polyethylene glycol.
Source of variation d.f.a Mean square
Root length Shoot length Root/Shoot ratio
Cultivar 11 22.73** 2.32** 28.11**
PEG conc. 5 54.63** 84.72** 262.24**
Cultivar*PEG conc. 55 3.70** 0.89** 19.38**
Error 144 0.58 0.26 4.30
a d.f. = degrees of freedom.
** Highly Signiﬁcant (p < 0.01).
Figure 1 Increment/decrement % in root length of wheat cultivars under different levels of water stress.
Table 3 Genome-speciﬁc primers used for chromosome assignment of wheat Dreb1 genes.a
Primers Sequences (50 ﬁ 3) Chromosome location Expected size (bp) Ann. temp. (C) Results obtained
P18F CCCAACCCAAGTGATAATAATCT 3B 717 50 ve*
P18R TTGTGCTCCTCATGGGTACTT
P20F TCGTCCCTCTTCTCGCTCCAT 3D 1193 63 ve
P20R GCGGTTGCCCCATTAGACATAG
P21F CGGAACCACTCCCTCCATCTC 3A 1113 63 ve
P21R CGGTTGCCCCATTAGACGTAA
P22F CTGGCACCTCCATTGCCGCT 3D 596 63 ve
P25F CTGGCACCTCCATTGCTGCC 3A 596 57 596 bp
PRb AGTACATGAACTCAACGCACAGGACAAC – – –
a Source Huseynova and Rustamova [11].
b PRa is a public primer matched with P22F and P25F, respectively.
* No ampliﬁcation product obtained.
90 M.A. El Siddig et al.bis-acrylamide) in a 1X DGGE buffer (40 mM Tris–HCl,
20 mM sodium acetate, 1 mM EDTA) using Hoefer vertical
gel apparatus (SE600) for 150 min. at 300 V at 20 C, using a
circulating water bath temperature set to 20 C. Gels were then
stained in ethidium bromide (1 lg/ml) for 10 min, destained in
deionized water for 10 min, and photographed. Gel images
and marker data were processed using Quantity One Software
v. 4.0.1 (Bio-Rad Laboratories, Hercules, CA).2.3.3. SSRs data scoring and analysis
Each SSR band was scored as present (1) or absent (0), each of
which was treated as an independent character. Similarity be-
tween the cultivars was analyzed on the basis of the scores.
The SSR scores were used to create a data matrix to analyze ge-
netic relationship using the R software package [19]. A dendro-
gram was constructed based on Jaccard’s dissimilarity
coefﬁcient (Jaccard, 1908) using the markers data for all wheat
Figure 2 Increment/decrement % in shoot length of wheat cultivars under different levels of water stress.
Figure 3 Increment % in root/shoot ratio for wheat cultivars under different levels of water stress.
Figure 4 Allelic variation of the 12 wheat cultivars using SSR
primer Barc108.
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GMA) [21].2.3.4. dreb1 genes ampliﬁcation
Five primer pairs (Table 3) speciﬁc to Dehydration-responsive
element binding protein (DREB1) gene [11] were used for
ampliﬁcation. The PCR was performed in a total volume of
25 ll volume containing 20 ng/ll of genomic DNA, 1X PCR
buffer, 1.5 mM MgCl2, 0.25 mM each dNTP, 2 lM of each
primer and 1 U Taq DNA polymerase. (Promega, Madison,
WI). The PCR ampliﬁcations were initiated by denaturation
at 94 C for 3 min; 35 cycles of 94 C for 1 min, an annealing
step at variable annealing temperatures depending on the pri-
mer pairs for 1 min, 72 C for 1 min; and a ﬁnal extension at
72 C for 10 min. The PCR products were electrophoresed
on 1.5% (w/v) agarose gels and the products sizes were de-
tected using 100 bp DNA ladder (Promega, Madison, WI).
2.3.5. dreb1 genes cloning and sequencing
PCR products were excised from gels and puriﬁed with a PCR
product puriﬁcation kit (Qiagen, USA). The puriﬁed products
were then cloned using the TOPO TA Cloning Kit for
Sequencing (Invitrogen, life technologies, USA), and trans-
formed into Mact1-T1R competent E. coli cells by the heat
shock method according to the manufacturer’s protocol.
Positive clones were selected by colony PCR and their
Figure 5 Dendrogram of 12 wheat cultivars from Sudan based on 24 drought speciﬁc SSR markers. Values in the X-axis correspond to
Jaccard’s coefﬁcients of similarity.
Figure 6 PCR ampliﬁcation of dreb1 gene using primer P25F/
PR. M=DNA Ladder.
92 M.A. El Siddig et al.plasmids were extracted with a plasmid extraction kit (Invitro-
gen, life technologies, USA). Plasmids DNA were then sent to
Euroﬁns MWG Operon for sequencing using BigDye Termi-
nator v3.1 (Applied Biosystems, Foster City, CA).
3. Results and discussion
3.1. Osmotic stress with polyethylene glycol
The 12 wheat cultivars revealed signiﬁcant differences
(P< 0.01) under different PEG concentrations for all growth
characters, indicating a level of genetic variability (Table 4).
Means differences due to cultivar · water stress interactionwere signiﬁcant (p< 0.01), indicating real differences in culti-
vars performance under different water stress conditions.
3.1.1. Effect of osmotic stress on root length
A root system with longer root length is useful in extracting
water [12]. Therefore, early and rapid elongation of the root
is an important indication of drought tolerance. In this study,
the reduction% of root length had increased with the increase
of external water potential in all cultivars (Fig. 1). All PEG
treatments caused a decrease in root elongation averaged over
genotypes compared to their controls. However, some culti-
vars have longer root lengths under osmotic stress as high as
15 bars (Wadi El Neel, Imam and Khalifa) and 12 bars
(Nebta), while cultivars Tagana and Sasaraib could not toler-
ate osmotic stress as low as 3 bars.
3.1.2. Effect of osmotic stress on shoot length
The effect of osmotic stress was most clearly observed on the
shoot. The shoot lengths measured for all cultivars under study
decreased with an increase in the external water stress (Fig. 2).
At osmotic stress of 15 bars, the highest reduction % in the
shoot length was observed for cultivar Tagana compared to its
control while the lowest reduction % was recorded for culti-
vars Imam, Nebta and Wadi El Neel.
3.1.3. Effect of osmotic stress on root/shoot ratio
Apart from the root and shoot lengths, root/shoot ratio also
plays a major role in selecting the line for drought tolerance
Preliminary screening for water stress tolerance and genetic diversity in wheat (Triticum aestivum L.) 93as balanced root and shoot growth was observed in drought
resistant genotypes [5]. The present study revealed signiﬁcant
variations for the root/shoot ratio among the cultivars
(Fig. 3). Cultivar Wadi El Neel showed an extreme increment
% (2080.8%) in root/shoot ratio compared to its control, fol-
lowed by cultivar Khalifa then Elnilien with an increment % of
1203.1% and 903.2%, respectively. The lowest increment %
(highest reduction) in the root/shoot ratio was observed for
cultivar Tagana (100%).
The use of PEG for the experimental control of external
water potential has proved to be a very effective method for
studying the effect of water stress on seed germination and
seedling growth characters [9,12,20] and is a simple, accurate
cost effective method to screen a large set of germplasm within
a short period [12,14]. Root and shoot lengths are envisaged as
prominent characters for screening for drought resistant in
wheat [3]. According to Fraser et al. [7], reduction in root
and shoot lengths may be due to an impediment of cell division
and elongation leading to a kind of tuberization. This tuberiza-
tion and ligniﬁcation of the root system allow the stressed
plant to enter a slowing growth state, while waiting for the
conditions to become favorable. The results reported in this
study are similar to earlier studies of Dhanda et al. [5] in
wheat; Radhouane [20] and Kulkarni and Desphpande [14]
in tomato (Lycopersicon esculentum L.) and Govindaraj et al.
[8] in pearl millet (Pennisetum glaucum L.). The authors have
reported the effect of drought stress induced by PEG on the
plants roots and shoots. Generally, it could be concluded from
our results that cultivar Tagana is the most sensitive compared
to the other cultivars, while Wadi El Neel, Imam and Khalifa
are relatively drought tolerant cultivars as they showed a better
degree of survival on high levels of external drought stress. The
remaining cultivars had an intermediate response to the
induced stress.
3.2. Molecular analysis of drought tolerance alleles
There have been several mapping studies that have targeted
drought tolerance and other abiotic stress tolerance loci asso-
ciated with performance in low yielding environments [13,16].
In the present study, 24 SSR markers, which have already been
mapped for drought tolerance trait in different wheat popula-
tions [18,13,4] were used to screen the 12 wheat cultivars from
Sudan. A representative result is shown in Fig 4. In total, 50
alleles were detected, with an average of 2.0 alleles per locus.
The PIC ranged from 0.16 to 0.89 with a mean PIC of 0.71.
Five microsatellites had a PIC higher than 0.70 (Table 2).
Microsatellite data were used to analyze the genetic diver-
sity of the cultivars through clustering. The similarity coefﬁ-
cients generated between the cultivars using the R software
package ranged from 29% between cultivars Sasaraib and
Wadi El Neel to 81% between cultivar Nassr and both Condor
and Bohain. A dendrogram based on Jaccard’s similarity val-
ues was constructed using the UPGMA cluster (Fig. 5). The
generated dendrogram revealed three major clusters. Cluster
1 contains four cultivars (Tagana, Bohain, Nassr and Condor),
cluster 2 includes three cultivars namely Elnielain, Nebta and
Sasaraib, while cluster 3 contains cultivars Wadi El Neel,
Debeira Argeen Imam and Khalifa. Members of cluster 1 have
similarity coefﬁcients ranging from 0.65 to 0.81 while the coef-
ﬁcients for members in cluster 2 are in the range of 0.35 to 0.50and those for individuals of cluster 3 have ranged from 0.57 to
0.76.
Results of the molecular analysis using SSR markers are in-
line with the results of the in vitro drought stress experiment.
Cultivars Tagana which displayed weak response to PEG
stress was clustered in a group separate from the group that
contains the tolerant cultivars, viz. Wadi El Neel, Imam and
Khalifa.
3.3. Isolation and sequence analysis of dreb1 genes
Of the ﬁve primer pairs used to screen for dreb1 genes, only
primer P25F/PR produced ampliﬁcation products with the ex-
pected band size with the examined DNA samples (Fig. 6). The
other primers did not amplify the target amplicons. Sequenc-
ing and BLAST results of the cloned fragment excised from
the gels showed 99% homology to the dehydration responsive
element binding protein from chromosome 3A in wheat. Sim-
ilar results were reported by Wei et al. [25] and Huseynova and
Rustamova [11] who reported the location of drought QTLs in
chromosome 3A of their wheat cultivars. Negative results ob-
tained with the other primers could be explained by the fact
that some mutations, probably, took place in dreb1 gene re-
gion complementary to these primers [11]. It has been reported
that DREB1 proteins show the most speciﬁc variations in the
B genome, including three single amino acid mutations (amino
acids 46, 140 and 200) and a deletion of 24 amino acids in a
region rich in Ser and Thr in the orthologous A and D
genomes [25]. The results may also indicate that the tested
cultivars have probably lost these loci.Acknowledgements
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